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Abstract

Background: Cognitive theories posit that small animal phobics develop a hypervigilance-
avoidance attentional pattern when coping with threat. However, empirical research has failed to 
obtain consistent results. We aimed at addressing this issue by diminishing the methodological flaws 
that hinder the internal and ecological validity of previous studies. 

Methods: In this research, 34 spider fearful and 33 non-fearful participants completed a probe 
dot task using virtual reality environments. A subjective threshold for each participant was established. 
Position of the probe (low vs. up) and interval between trials (regular vs. irregular) were controlled. 

Results: Compared to non-fearful individuals, spider phobics showed preconscious attentional 
bias towards threat in unexpected (low and irregular) trials. Moreover, phobics tended to display 
conscious attentional bias away from threat in unexpected (irregular) trials. Severity of fear did not 
correlate with attentional bias. 

Limitations: We did not use eye movement tracking as well as potential biomarkers for 
attentional bias (e.g., event-related potentials). The risk of type-I error cannot be ruled out.

Conclusions: These findings partly support the hyper vigilance-avoidance pattern by considering 
some contextual factors that may enhance uncertainty in phobics. The alleged role of attentional bias 
in phobias is also questioned.

(conscious) processing [7,14]. This methodological flaw precludes the 
determination of subjective threshold for each subject by assuming 
a generalized (objective) awareness threshold for the whole sample. 
Furthermore, the ecological validity of these studies is still inadequate, 
and most of them employ threatening pictures to assess phobia to 
spider rather than more realistic environments [5,7,15]. In this 
framework, virtual reality may be considered an alternative approach 
to enhancing the ecological validity from these studies by using more 
realistic, immersive, and interactive scenarios. To date, virtual reality 
has been mainly adapted to treat individuals diagnosed with different 
mental disorders such as anxiety disorders or eating disorders [16-
18]. However, its application in basic cognitive research is lacking.

Aims and hypotheses
Based on previous research, our study aimed at elucidating the 

time course of emotional processing of threat in individuals with spider 
phobia by increasing the internal and ecological validity of the results 
obtained. We hypothesized that phobic individuals, relative to non-
phobic controls, will display a preconscious attentional bias towards 
threatening stimuli as well as a conscious attentional bias away from 
threatening stimuli. In addition, we postulate that this result will be 
altered by the degree of uncertainty and uncontrollability concerning 
the appearance and position of the threatening stimuli. That is, 
phobic individuals will exhibit enhanced preconscious attentional 
bias towards as well as increased conscious attentional bias away 

Introduction
Cognitive theories posit that attentional bias may play a role in 

the onset and maintenance of specific phobias [1,2]. Specifically, it has 
been postulated that patients’ attentional processes are characterized 
by a hyper vigilance-avoidance pattern [3,4]. Accordingly, attentional 
bias towards threatening stimuli occurs when threat processing 
is automatic/preconscious and is away from them when threat 
processing is strategic/conscious. This implies that phobics initially 
direct their  attention  towards fear-relevant stimuli, followed by 
avoidance that is thought to prevent objective evaluation and 
habituation.

Because spiders are among the most common specific phobias, 
various experimental studies have been conducted in order to 
test this tentative model, most of them using a change detection 
paradigm [5]. Concerning this issue, empirical research has failed 
to show consistent findings regarding the time course of processing 
emotional stimuli so far [6-12]. It has been postulated that some 
contextual variables may account for these divergences, either the 
position of the dot or the regularity among trials. Preliminary data 
suggest that both factors may alter attentional bias by increasing the 
degree of uncertainty when individuals cannot predict the appearance 
of threats [13]. Moreover, research usually relies on an accurate 
threshold presentation (e.g., 100/200 milliseconds) to determine 
whether stimuli are detected by covert (preconscious) and/or overt 
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from threatening stimuli when these appear at irregular (vs. regular) 
intervals. Similarly, the position of the threatening stimuli will affect 
phobic individuals by enhancing both types of attentional bias when 
the threat appears more away from the straight view. As indicated by 
some authors, threats located on the “lower” side would appear more 
away from the straight view than threats located on the “upper” side 
[3,19]. In addition, there will be a positive relationship between the 
severity of phobia and attentional bias according to cognitive theories 
of anxiety disorders. Overall, we expect that our results will confirm 
the hypervigilance-avoidance pattern. 

Method
Participants

The participants were undergraduate and postgraduate students 
recruited via advertisements at local universities placed in Valencia 
and Castellon (Spain) over two academic courses. The clinical sample 
was comprised of individuals diagnosed with spider phobia (N=34) 
according to DSM-IV criteria [20], and were compared with non-
phobic control individuals (N=33). Diagnostic confirmation was 
made by independent researchers (clinical psychologists) who were 
blind to the hypothesis. Individuals (n=2) with visual deficits affecting 
task performance (e.g., hypermetropia) were ruled out. Mean age for 
the whole sample was 25.93 (SD=4.77, range=19-35 years), and most 
of them (88%) were women. There were no between-group differences 
regarding age (t=.47, df=49, p=.39, Cohen´s d=.42), gender (2.78=2לא, 
df=1, p=.35, Cramer´s V=.25), marital status (3.01=2לא, df=3, p=.21, 
Cramer´s V=.32), or educational attainment (3.45=2לא, df=3, p=.13, 
Cramer´s V=.35) 

Questionnaires
- The Anxiety Disorders Interview Schedule for DSM-IV 

(ADIS-IV) [21], is a structured interview designed to assess 
for current episodes of anxiety disorders, and to permit 
differential diagnosis among the anxiety disorders according 
to DSM-IV criteria. The ADIS-IV was used to make a 
categorical diagnosis of specific phobia (spider phobia) for 
those who were included in the clinical group. In addition, 
we employed this clinical interview to rule out this diagnostic 
among those who were included in the control group. The 
ADIS-IV has demonstrated good psychometric properties 
[22].

- The State-Trait Anxiety Inventory (STAI) [23], is a self-report 
inventory based on a 4-point Likert-type response options. 
The STAI consists of 40 questions that measure transient 
(STAI-E) and permanent (STAI-R) anxiety. The STAI 
presents adequate psychometric properties [24].

- The Fear of Spiders Questionnaire (FSQ) is an 18-item self-
report questionnaire assessing spider phobia based on a 
7-point Likert-type response options [25]. The FSQ has 
excellent psychometric properties [26]. 

Experimental procedure
The Pentium III with 600x400 pixels was used. After completing 

the questionnaires, individuals were sitting 30 centimetres away from 

the monitor. The virtual scenario used was an uninhabited house in 
which the individuals may initially move anywhere inside (living, 
kitchen, restroom) through the keyboard buttons over 5 minutes. 
Some objects could be manipulated and heard when moved (e.g., 
closing/opening doors). Before starting the experiments, individuals 
were asked to follow a signal that guided them to a lighted room with 
some antique objects (e.g., woods, table) (Figure 1). The objective 
of all these was to increase the feeling of familiarity and absorption 
(realism) within the virtual environment. 

In the first part, we sought to determine the subjective threshold 
for each subject via the “method of limits.” Accordingly, a set of 
stimulus intensities was alternatively displayed in four ascendant 
and four descendant series over 10 trials. Stimuli employed were 
neutral (e.g., a star or a circle.) and were displayed on the front wall 
of the room. For each series, the turnaround was determined when 
individuals were no longer able to detect the neutral stimulus. The 
subjective threshold for each subject was calculated as the average 
(milliseconds) of all of the turnarounds. 

In the second part, we sought to determine potential attentional 
bias using a dot probe task through a virtual environment comparable 
to a real living room. Overall, 240 trials were performed. For each 
trial, a fixation point was immediately followed by the threatening 
stimulus (spider) and the neutral stimulus (clock). Then, the subject 
should detect a probe (key) that could appear either replacing 
the threatening or the neutral stimuli. Stimuli were in 3-D. Some 
independent variables were proportionally manipulated across 
the trials: threshold (subliminal/preconscious vs. supraliminal/
conscious), interval between trials (regular/3 seconds vs. irregular/2-
6seconds), and position (up/front wall vs. low/floor) In subliminal 
trials stimuli were presented somehow lower than the subjective 
threshold for each participant, while in supraliminal trials stimuli 
were presented somehow higher than the subjective threshold as 
determined in the task cited above. An attentional-bias index was 
created for up to the eight conditions resulting from the interaction 
among the three independent variables when considered all together. 

Figure 1: Dot probe task to assess spider phobia using virtual environment.
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Attentional-bias indices were defined as follows: 0,5 x (TLPU + TUPL 
- TUPU – TLPL) (T = threat, L = low, P = probe, U = up) [27]. Positive 
scores represent attentional bias towards the threatening stimuli. 
Values were based on reaction times (seconds) for correct responses, 
that is, excluding outliers (>2SD) and omissions (>  0.150 seconds) 
Overall, the percentage of outliers and omissions did not exceed 5% 
and 0.5%, respectively. Likewise, there were no differences between 
both groups in number of omissions (t=.848, p=.27) and outliers 
(t=.391, p=.11).

Statistical analysis
Statistical analyses were performed using the Statistical Package 

for the Social Sciences (SPSS for Windows, Version 15.0). To look for 
between-group differences on confounders (e.g., sociodemographic 
data), we used parametric (Student´s t Test) for continuous variables 
and chi-square for categorical variables. To assess whether between-
group differences on attention were modulated by other within-
subject variables (threshold and/or interval between trials and 
position), repeated-measures of multivariate analyses of variance 
(MANOVA) were also conducted. Observed power and effect size 
(partial η2) for each MANOVA analysis were also indicated. Pearson 
correlation was also conducted to assess the relationships between 
clinical measures and attentional-bias indices for the whole sample 
in general and phobic individuals specifically. P values of less than 
.05 were considered significant. Values were presented as mean and 
plus/minus SD. 

Results
Comparison between phobic and non-phobic 
individuals in clinical measures

Phobic individuals scored significantly higher than non-phobic 
individuals in FSQ (t  =31.93, df=34, p  <.001, Cohen´s d=.62) 
Strikingly, there were no between-group differences in STAI-E 
(t=1.99, df=49, p=.23, Cohen´s d=.24) and STAI-R (t=0.47, df=42, 
p=.19, Cohen´s d=.35). For both groups, STAI-E and STAI-R scores 
fell into the low range. Descriptive statistics are summarized in Table 
1.

Comparison between phobic and non-phobic 
individuals in attentional-bias indices

First, phobic and non-phobic subjects did not differ in the 
subjective threshold (t=0.87, df=59, p=.69, Cohen´s d=.22). 

Then, repeated-measures MANOVA analyses were performed 
to seek for significant interaction effects between “group” and each 
within-subject variable (“threshold”, “interval between trials”, 
“position”), separately. There was only one interaction effect for 
“group x position” (F(1,43)=6.65, p=.01, partial η2=.03, power=.81, 
Wilks λ=.94) Compared with non-phobic subjects, phobic individuals 
showed higher attentional bias towards the threatening stimuli when 
the probe appeared “low” (vs. “up”) (F(2,42)=7.61, p=.002, partial 
η2=.05). Relative to phobic subjects, non-phobic individuals exhibited 
higher attentional bias towards the threatening stimuli when the 
probe appeared “up” (vs. “low”) F(2,42)=6.53, p=.01, partial η2=.03) 
(Figure 2). There was no other main or interaction effect.

Despite we did not find a significant “group x threshold” interaction, 
we performed further analyses to verify whether this interaction could 
be affected by additional variables. Accordingly, interactions between 
“group x threshold x position”, “group x threshold x interval between 
trials”, and “group x threshold x interval between trials x position” 
were carried out using repeated-measures MANOVA. Of interest, 
an almost significant “group x threshold x position” interaction was 
found (F(2,42)=3.49, p=.07, partial η2=.03, power=.79, Wilks λ=.86). 
Specifically, we found that phobic individuals, relative to non-phobic 
individuals, showed significantly higher attentional bias towards the 
threatening stimuli when trials were “subliminal and low” (F(1,43)=-
2.27, p=.02, partial η2=.04) and also tended to display a higher 
attentional bias away from the threatening stimuli when trials were 
“supraliminal and up” (F(1,43)=1.89, p=.06, partial η2=.03) (Table 2). 
Besides, phobic individuals, relative to non-phobic subjects, exhibited 
significantly higher attentional bias towards threat when trials were 
“subliminal, irregular, and low” (F(2,42)=2.63, p=.01, partial η2=.05) 
and also manifested significantly greater attentional bias away from 
threat when trials were “supraliminal, irregular, and up” (F(2,42)=-
2.09, p=.04, partial η2=.04) In spite of these last findings, MANOVA 
analysis did not yield a significant interaction “group x threshold x 
interval between trials x position” (F(1,43)=2.12, p=.27, partial η2=.03, 
power=.81, Wilks λ=.85).

Table 1: Clinical Comparison between phobic and non-phobic subjects.

Scales
Phobic 
subject (N=34) 
mean (SD)

Non-phobic 
subject (N=33) 
(mean (SD)

Statistics P values

FSQ (raw 
score) 98.17 (10.44) 8.10 (8.14) t=31.935 0.000

STAI-E (raw 
score) 19.19 (8.14) 12.90 (6.17) t=1.992 0.232

STAI-R (raw 
score) 14.88 (10.74) 16.50 (9.70) t=0.476 0.190

FSQ, Fear of Spiders questionnaire; STAI-E, State Teait Anxiety Inventory-
transient symptoms; STAI-R, State Trait Anxiety Inventory-permanent 
symptoms. 

Figure 2: Differences in attentional blas between phobic and non-phobic 
subjects regarding position of the probe.
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Relationship between attentional-bias indices and 
clinical measures

First, we conducted Pearson’s correlation to assess potential 
relationships among attentional-bias indices. There was a negative 
trend between “supraliminal” and “subliminal” indices for the whole 
sample (r=.26, df=65, p=.08) Particularly, there was a significant 
negative relationship between “supraliminal” and “subliminal” 
indices among phobic individuals (r=-.47, df=65, p=.02). This means 
that the participants with higher attentional bias towards threat in 
the subliminal condition had lower attentional bias away from the 
threat in the supraliminal condition, and vice versa. The more specific 
attentional-bias indices did not yield any significant correlation.

Furthermore, we looked for potential relationships between FSQ 
scores and attentional-bias indices. FSQ did not significantly correlate 
with almost any attentional-bias index for the whole sample, with the 
exception of the “subliminal and low” index (r=.30, df=65, p=.04). 
Within phobic individuals, we only found a significantly negative 
correlation between FSQ scores and “supraliminal, irregular, and 
low” index (r=-.47, df=65, p=.03).

Discussion
This study sought to establish the time course of attentional 

bias in spider phobia individuals by improving the internal as well 
as the ecological validity. Overall, our findings in a more realistic 
environment partly support the hyper vigilance-avoidance pattern, 
depending on some contextual variables taken into consideration. 
These modulating variables may also account for some differences 
between previous similar studies using the dot probe task.

First, we did not obtain significant differences between groups 
when we only consider “threshold” (supraliminal vs. subliminal). 
Hence, phobic and non-phobic subjects did not differ on attentional 
bias irrespective of whether the threatening stimulus were presented 
somehow lower or higher than the subjective threshold for each 

participant. This result contradicts our main hypothesis concerning 
the hypervigilance-avoidance pattern. However, when “position” 
(up vs. low), and “interval between trials” (irregular vs. regular) were 
included in the analysis, the study partly support the hypervigilance-
avoidance pattern in phobic individuals when compared with non-
phobic subjects. Concretely, hypervigilance was observed in both 
“subliminal and low” and “subliminal, irregular, and low” trials, 
whereas an avoidance trend was identified in either “supraliminal 
and up” or “supraliminal, irregular, and up” trials. In spite of this, 
MANOVA analyses were not significant and the risk of type-I error 
cannot be ruled out. A potential attentional dissociation in phobic 
individuals was also confirmed by a significantly negative correlation 
between subliminal and supraliminal attentional-bias indices. 
Overall, these data are in accordance with several studies given more 
compelling support to preconscious hypervigilance than strategic 
attentional avoidance in animal phobia individuals [6,7,14].

Second, uncertainty concerning the appearance of threats (as 
measured by “irregular” intervals) and uncontrollability concerning 
the location of threats (as measured by “low” position) increased 
attentional bias only in phobic individuals. This result supports 
our hypothesis and indicates to what extent uncertainty and 
uncontrollability may alter the attentional bias in phobic individuals 
probably by increasing anxiety-related levels. This statement is 
partly in line with one study in which uncertainty (not sure where 
a spider is going to be present) enhanced attentional scrutiny for 
both threatening and neutral/irrelevant stimuli in phobic individuals 
[28]. That is, uncertainty led to generalized hypervigilance when 
phobics were not able to predict the appearance of threats. Moreover, 
another study with animal phobia individuals also revealed that 
uncertainty (not sure where a spider is going to be located) increased 
attentional bias towards the threat in phobics and healthy controls 
[13]. Contrary to this last finding, our control individuals exhibited 
higher attentional bias towards threat when conditions were more 
predictable and controllable (“regular” and/or “up” trials).

Third, we also observed that non-phobic individuals tended to 
show an attentional bias towards threat. Concerning this issue, we 
consider that spiders represent evolutionary threats and attentional 
bias among the general population was developed to help humans to 
detect these threatening stimuli for a long time [29]. In fact, research on 
general population indicates attentional capture by phylogenetically 
fear-relevant animal stimuli and the selective enhancement of this 
effect by fear of these animals [30].

Fourth, we did not obtain enough evidence confirming a 
relationship between severity of fear and attentional bias indices. This 
result contradicts our hypothesis as well as some previous research 
[5]. Based on our finding, we can suggest that attentional bias may 
be an epiphenomenon rather than a vulnerability factor in spider 
phobia. In accordance with this statement, some clinical trials have 
found that improvements through attention training do not reduce 
severity of fear in small animal phobics [31,32].

Strengths and weaknesses
This study has several strengths. Unlike most previous research, 

we recruited clinical individuals rather than analogue individuals. 

Table 2: Comparison between phobic and non-phobic subjects in attentional-
bias indices (seconds)

         
Non-phobic 
subjects                        
(N=33)
mean (SD)

Phobic 
subjects
(N=34)
mean (SD)

Statistics P values

Subliminal
Supraliminal

.002 (.06)

.01 (.06)
.02 (.05)
-.01 (.05)

F=1.22
F=1.45

.14

.10
Subliminal-up
Subliminal-low
Supraliminal-up
Subliminal-low

.004 (.05)
-.003 (.03)
.01 (.04)
.001 (.02)

.001 (.04)

.02 (.03)
-.01 (.04)
.003 (.04)

F=.41
F=-2.27
F=1.89
F=.41

.45

.02

.06

.47
Subliminal-regular
Subliminal-irregular
Supraliminal-regular
Supraliminal-irregular

.01 (.03)
-.003 (.05)
.01 (.02)
-.003 (.06)

.01 (.02)

.01 (.04)

.004 (.04)
-.02 (.04)

F=.27
F=-1.25
F=.85
F=-.94

.71

.12

.23

.18
Subliminal-regular-up
Subliminal-regular-low
Subliminal-irregular-up
Subliminal-irregular-low
Supraliminal-regular-up
Supraliminal-regular-low
Supraliminal-irregular-up
Supraliminal-irregular-low

.51 (2.72)
-.04 (2.16)
-.05 (3.99)
-.25 (2.11)
.5 (1.88)
.73 (1.46)
.37 (3.76)
-.65 (2.46)

.15 (2.66)

.46 (1.55)
-.09 (2.55)
1.34 (2.84)
-.01 (2.29)
.43 (2.82)
-1.36 (2.5)
-.12 (2.46)

F=1.12
F=-1.28
F=-.68
F=2.63
F=1.09
F=.93
F=-2.09
F=-1.02

.15

.1

.29

.01

.18

.2

.04

.17
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Sample size was also appropriate and was larger than most studies 
using the dot probe task. Moreover, subjective threshold was 
established for each participant. Furthermore, we controlled for some 
potential modulating variables involved in task performance such 
as “position” and “interval between trials.” Finally, we used a virtual 
environment to enhance ecological validity.

This study has also some weaknesses. We did not use eye 
movement tracking [4,33-35]. Hence, we cannot rule out that phobics 
exhibit difficulty in disengaging from threat rather than faster 
reaction times when the threat appears. Moreover, we did not include 
any neurobiological measure as potential biomarker for attentional 
bias [36-38].

By including some neuroimaging/neurophysiological procedures 
we could determine whether preconscious hypervigilance and 
strategic attentional avoidance in animal phobia individuals imply 
different biological pathways. Finally, because MANOVA analyses 
were not significant, we cannot exclude the risk of type-I error when 
displaying the main findings of the current study.

Conclusions
- Phobics and non-phobics individuals differ regarding 

attentional bias. 

- A hypervigilance-avoidance pattern of attentional-bias is 
partly supported in individuals with spider phobia.

- Contextual factors affecting uncertainty and uncontrollability 
should be considered in phobics’ attentional bias.

- Attentional bias towards threat is a normal reaction when the 
threatening stimuli are expected.

- Attentional bias may be an epiphenomenon rather than a 
vulnerability factor in individuals with spider phobia.
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